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NOTES
from the Editor

. . .
* There are two'clusters of research reports in this issue of ISE.

1

The first cluster, PIAGETIAN STUDIES, contains sevén studies. The pre-

: g . ' . . . N
dominance of Piagetian research analyzed in this issue appears to reflect
. . » .

\

a curremnt trend in science education. The second cluster, INSERVICE
‘ Ay

-

EDUCATION, contains two studies which examine the outcomes of inservice

education programs.

This issue also contains, for the first time, a response to an

analysis of a research report,. Wg\believe this kind of exchange is
beneficial to the profession and strongly encburage others to send us

their publishable responses to critical analyses. Such responses need

AN

not be from the duthor of the research study being analyzed.

v I v @
L R -

Stanley L. Helgeson
Edftor '

Patricia'E. Blosser
Associate Editor
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* Kolodiy, Georre. ''The Cognitive Development of Hieh School and College

Science Studeats." The Journal of Colleec Science Teaching, 5(1):

20-228 September, 1975. 1 > : . ¥

Deg/rlntors——%Coonltlve DtVClODWLntK_‘COIIGOG Studénts; Hther
Education; #Intellectual Development: Prediction: §c1ence
Education; Secondary Education:'*Secondary School Science . .

.

Expanded Rbstract and Analysis Prepared Fepec1a11v for I.S. E bv Ceﬁe F.
Craven, Oregon State University.

.
N . . N »
’ .

LPuivpose ' 1 -

0

o~ » * ¢ \

J - .

-

The stated purpose of this study was "to obtain indications of changes in.
< x

-

mental level from high school through collece and to invéstigate.the rela- ’

tionship of coenitive level to SAT scores, college grades, and ‘attrition."

<
(Kolodiy, 1975; p. 20) S N _
. . R
. £ &
Rationalé . ‘ o . . ",

. ¢ ) ’ ' M
é

Plagetlan theory. contlnues to make important contributicns to our{knowled

of cognitive develonment In the past decade, studles of the Chlld s acaui—
{

51t10n of knowledge  have broadened into Fornaf educatlon It is onLy
recently, however, that researchers have lobked at the relevance of Piage-
tian theory for high school and college student learning. A
) . . ' oo
’ - . <y
Piaget views human cognitiort as a comnlex process of 1nteract1n° w1th d]i
outsidé world that includes two 51multaneous and comnlementary aspects

which he refers to as assimilation and accommodation. Bv a551m11at10n he

" means actlvelv selectlno and 1nterpret1ng external objects a d events in

terms of the learner's mental strueture (hls nreeently'ﬁvallab and favored

way of+ thinkinf about thines). Accommodation means adantlng one's\own men-

tal structure by "taking coanltlve account of the various real properties

and relntxonehlne among, proportlee that external objects and event#‘ﬁbssess

.

(Flavell, 1977; p. 7. Thu% Plaoet s assimilation-accommodation ‘médel pro-

‘

vides a useful V(hLL]G for shlnkrnv ahbout how a ptrson's cornxtlvc system

‘might gradually evolve with maturatioa and experxencJ

N >

. 4 ‘ A .

’ ’
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Four sequential staces of cognitive devélopment are postulated in Piape-
°, ) . . . P
tian thedry; nafrely, sensorimotor, pre-operational, concrete-operational,
j , 1-¥ o , s
and formal-opeygational stages cach stage is characterlzed by an ability

‘to perform certain mental functions and an 1ndb111tv to perform others

~

(ROlOdly, 1975 Inhelder, 1974, giaget, 1972). o < ®

-

.

Studies of thé cognitive development of h@gh school and college students,

including the study enalyzed for the present abstract, usually pertain to

the concrete- and fermalloperational~s£ages which typically begin between
ages 7-11 and 11-15 years, respectively.’ \; -

1 oD :
When objects or events are, used to provide a"problem situatiqn, the learner
at the concrete operatlonal stage of cognitive develoonment characteristi-
cally focuses on the perceptible, and inferable reality in front of him,

Various skills are used to orde¥<;nd interrelate whatever properties,or

/
features of the situation he or ghe gan detect, His or her 'conceptual
approach generates iolution attempts that are far more rational and task-

. relevant than those nroduced bv the pre-onerational learner. It does,
however, pertain rather closelv to detected emplrlcal reallty, and specu-

lations about other possibilities occur only with difficulty and as a last

/
resorg" (Flavell, 1977; p. 103). &k\

~

&

A learner at tne formal—operaeionai.stage’is more apt to begin with possi
‘Bility and only subsequently proceed to reality. He or she may exam}ne the
problem situakibn carefully and try to determine wnat all o#é the possible
solutions or states of affairs mlght be, and then systematically try to
discover wﬁlch of these is,.in fact, the real one for the present casé.

For the formal-operational thlnker, realitv is seen as that particular por-

a

tien of a much wider world of nossibility which happens to exist or hold

ttye in a \given problem situation (Flavell, 1977). .

~ .
.
. -

The formal- operat:onal thinker insnects the problem data, hypothe-
sizes that such and such a theorv or explangtion micht be the
cqrrect ohe, deduces from it that so and so ermpirical phenomena
ought lorlcailv to occur or not odcur, and then-tests his theory
by seeing if these predicted nhenomena do in fact occur.

/ ad

ERI
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A .
If you think vou have just ficard,a deseription of textbook

scientific reasoning, vou are absolutelv right. Becausc of
its heavy trade in hypotheses awnd_logpieal deduttions from * .
hypetheses, it is called hvpothetico-deductive reasoning, and - .
it contrasts sharply with the much more nontheoretical and
nonspeculative empiric@~inductive reasoning of concrete-
operational th'inkers (Flavell, 1977: pp. 103-104).

! . : : . .

.
[

Research Design and Procellure

14

Two tasks, the solutidn of which required formal thinking, were presented

to a total of 70 subJects who repreeented three distinct populations. One
';&oup consisted of 20 hlgh school sophomoree selected from an elective
second-year BSCS blolog§ course that was designed for students nlanning
to pursue careers iin science.. A second group consisted of 25 college ?Tég;—
men selected from introductory courses in physics and mathematics desipned
for science and engineéring majors. Thevthifd group consisted of 25 college

seniors. majdting in the sciences.

v

(. . .

SAT verbal and math scores were used as a basis for determining equlvalency
of the three groups. Since SAT scores wer%gnot available foF the high
school sophomores, scores of the previous féar's graduat;ﬁg class were used
to represent -this group. . ) .

The test instrument consisted of two Piagetian tasks. One task titled

"Combinations of Colored and Colorless Chemical Bodies" has been used by
Piaget §nd other invdétigators (Inhelder, 1958) to measure ability to use
combinatorial logic. The exneriment;r, in the presence of the subject,
adds a few drops of a solution to a Lest tube containing a colorless mix-
ture produced pripr to the beginning of the experiment and notes the
formation of a yellow color. The subject is then presented with-€ive
;L 2, 3, and 4.

to reproduce the color and to find the ,function 6f each liquid.
S ' -

%
beakers of colorless liquids labeled g He or she is asked

. ~ .
A second task was entitled "llauling Weight on an Inclined Plane"

1958).

The apparatus for the task consisted of a varinbleuherﬂn:%lane, a
- roller skate to which weights could be added or subtracted,

(Tnhelder,

a hanging

. ¢
o Welght, and a set of weiphts., The skate was set in equilibrium at the

, , » P

\ M




// ” « - - /
same angle on the plane. The subiéct was then adked to identifyv the| varia-

bles that make up. the equilibrium, and to determine the relationship apong

themn. ‘ '( . )

'

- . ’ .
. . I3

¢ s

~ @

The percentages of students at eaeh level (unpet concrete, lower formal,

-.upper formal) were summarized in tabulat form. Differcnces between the

‘

» = three groups were analvzed via the nonpagametfic chi—squafc test with

’ two degrees of freedom. This test provided the.percentage of students at
«the fermal level aﬁZ below formal level. The expected frequencies were

calculated from the criterion that tﬁe nercentage of students scoring at

the formaialevel in each group should efual the total percentage of all

.

a/:ﬁ{h}eq_groups scgring at tfis level: Also, a correlational analysis of all

the variables was carried out. >//"‘

. . )
N - -

Findings . t

»
v

‘1. The percentage of(students at the upper formal level was rouéhly the

+

% - same (35 and 32 percent) for high school sophomores and college fresh-.

.

%he college seniors.

.
4 4 - .

]
~  men, while somewhat higher (64 percent) for

- 7 “

. 2. ' Using the analog of Scheffe's theorem for chi-square, it was found

that "the high school and collegé freshmen samples were equal and
iffereat from the college senior sample" at the pﬁOS level

significance. '

, . ’

~ -

* - M -

[} -
3. A correclational analysis of variance revealed that scores on the
' . A ) . e .
. Piagetian' tasks were significantly correlated to SAT math scores but

. ] . 13
. not to college grades which correlated significantly to SAT verbal

N 3

-, scores. 2 . / L . v,
. .
. .
~ N .

4., A fo]low;up 0f the 25 college freshmen subjects’showed that seven had
Y b

N \. . -
) failed to complete the sccond semester of nhysics. Each of the seven
’ : ‘ : . "
had scored as nonformal on the Piapet tasks. ’ //
4 . s
Y
. \ ]
O : ' - ’
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. Interpretations . e

o .

The invcstig1tor concluded that a) a mﬂioritv‘of'hjoh school and collepe
students are below the formal level in COPnlthL functlonlng, b) collepc
science educatien dpcs not raise cognitive ]cvcl but rather ellmlndtéq
«nonformal students through attritidn; and ¢) college gradcs are more
1ose1y correlated to verbal ab111tv than to cognltlve functioning. e

reasons ‘that teachers should be aware of their Students’ level of cognl—
tive functlonlng, and plan educational experlences accordingly. Also,

- that lectur® mqthods must be balanced by more concrete activities where
students can engage in manipulation of materials and verbal explanations

. .

among themselves, C v

ABSTRACTOR'S ANALYSIS v K

} L]

. . . (

Since the primary purpose of this investigation was to'"obtain indications
"of changes in mental 1eve1 fkom high school .through colleg ," a 1ongitudi—
nal study that would have monitored the cognitive development of a glven
group of subjects over this four to eight-year,period would have been
optimal. Unfortunately, the' time restrictions nlaced on most\lnvestlpators,
partxiularly doctoral candldates, naQ} 10ng1tud1na1 studies impractical..

. Thus, a status study of equivalent grouos of subjects is a reasonably valid

- . .

practical alternatlvc to a longitudinal study.
The present study is best classified'as a "Static-Group Comparisqn" design
according 'to Campbell and Stanley's criteria for designs for rese&rch (190&
p. 182). This pre- eypcrlmental design requires equzvalbni groups that are

tested after having experienced different .treatments. A major problem with

.

L3

- the,"Static Group Comparison" studies is that of determining that the groups

A
are, in fact, equivalent. * )

.SAT scores were used to establish group equivalency in the present study,

a procedure that raises several questions relative to the actual equiva-

.

1cncy~of the groups. First, is this single criterian an adequate basis . for
determining equivalency when SAT scores were, in fact,, not available for

the hich school sdphomores? How valid is the use of SAT test scores of the

.

previous year's graduating class (of the entire sciool?) to represent the

Q e . . . -

EMC . . ’ .. ; . ‘a

: .
s . ,
Ao
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°

scores-of a group of 20 sophomores in an elective class for students ‘y

lanning college- )renarxrot carcers in sfience? Are equivalent mean
& £ .

. -

SAT scores indeed eqm ivilent when the tests were taken over a period
- ‘of four to six vears) during which mational mean SAT scores declined

anpually?! (Chronicah~pf Hicher §3ucation, Sept. 15, 1975: 18) .. . ®

]
. \
. .
& “
P .

Segond, were the subjeezs of the three groups from the same geographical
'region and from comparable socio-economic bacbgrounds” Had thev attended’
comparable elenentary and secondary schools? Piacget reborts that the speed
of Cognltlée developmcnt can vary from onec environment to 4nother, a fact-
< that is corroborated by other researchers (Plaget 1972).
- .
Apparéntly Kolodiy assumed that the ages of Bhe subjacts is not a signifi-
cant varinble_sgbseqoeﬁt to the sophomore year (15 or 16 yea{s). This may
be questioned since Piaqet has come to realize that Eﬁe results he found
* - with academically able adolescents from the better schools in Geneva who,
at 15 and 16 years were nemonstrating formal reasonlng, cannot be general-~ ’
' ized to other adolescent populations. He coﬁkludes that when it .comes to
formal thought, there may be a retardation. in its formatiod/to be o 15
. and 20 years when frequencv gnd quality of intellegtual stlmulatlon‘
50 - received from adults is inadequate (Piacet, 1972 pp. 6- 9). -
~ E Y T o N
An important omission of the journal ¥rticle is a description of the basis .
for selecth e schools that the subjects were attending and the method
. of selectlng the subjects from the universe of students in the c]asses . B .
v from which the sub]ects were selected. Inferentlal statistics awe based
on the assumprgdh of random selection of sub}edts from a ﬁopulation to P
which the findings are to be genepali7ed For the flndlngs ‘of the present
T ,study tq be generalized validly to "the .majority of hlgh school and college
N
| students" (Kolodiy, 1975: p. 22), zandom selection of_the subJects from

FY

this population would be esgsential.
’ 7’

. The two’r?sks used as "The Test Instrument" have been used by Piaget aind ’

others, (Tnhelder, 1938) to a) assess(ﬁbiliry to use combinntorial logic, 4 ~
and b) measure ability to identify Lhe variables in an exoerlment' rwo

\\\,' aspects of formal reasqning, Nhile no mMinimum number of tasks has appar-

ently been established for a vn]ld and rellahlﬂ‘Plavetlan test instrument,

two tasks would appear to he a mxnxmaI number from wh1ch to infer«three

_ : . : x r 2 '
FRIC . g | ’ .

s ‘. Ly ’
.
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levels of cognitive development.’ Chiapetta's (19%5) recent teview'of
Eiagetian studies relevant’to science instruction at the secondary and
coilege level reveals that three dr more tasks are commonly used.

. ° | . )

Aithough a general description of, the tasks is ptesented in the artiele,

. 0 N

“the reader is not informed as to who condudted the interviews, how this

.~ person (these persons?) was trained, or deta1ls of the interview gyﬁrf

O

ERIC

Aruitoxt provided by Eic:

.

nique. Was a pilot qtudy conducted $0 perfect the rnterv1ew nique,

to learn of the types of responses to exoect, and to test the data-

recording techniques?, Were audio- or video-tapes used to revord the infer-

views for subsequent analysis7 In what order were. tha three groups of sub-

jects tested and ovey what perlod of time? What criteria were used to

class1fy the subJectsles upper concrete, lower, formal, or upper formal?‘

While thése questions may appear trivial, their answers would be essential

to investigators desiring to replicate the present study.

The nonparametric chi- square test is appropriate for determining whether or

not a difference existed among the groups and the correlation analysis if
the variables studied provides valid information so long as, no cause\and—
effect relationship is inferred.

.

Kolodiy's conclusions are qualified, in the text of the article by the phrase

"within .the limits of: this study."

study. The sub~heading of the article pederalizes to a Yﬁismﬁtch between

the cognitive level of college students and the content and teaching of

college courses.'" This may be misleading to the less than critical reader

for the present study .did not focus on the content and teaching of college

courses. His conclusion that "the gﬁjorlty of hish school and college

studeqfs are below the formal level in~cognitive functioning" generalizes

Yet, he tends to generalize beyond the

to a population beyond that represented by the subjects of the present study,

-
a

The tonclusion that '"teachers should bg aware of their students' levei of

functloning and plan educational e\perlences accordingly" is certainly con-

e

sistent with accepted principles of educational psychology. JYet if, as

P .
Flavell (1977) aryueq, hypothetico-deductive reasoning and %c1ent1‘ic reason-~

2

. ing are synonymouq, should not advanced courses f{or sc1ence ma;ore require

formal’ reasoning abilities? , . .

4=ﬁ? o ’g

b
LN
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-

In.summaryl/ﬁglodiy's sfudy avoids a‘maijor criticism of manv studies in
education, the lack.of a theorctical basis. His findings are generally
consistent with and coftribute to-those of a rather large nurber of con-
tcmpora;y studies basea on.Piaget's theory of cognitive development at
‘the formal-~operational level (Chiapetta 19753. Unfortunately, as-des-
cribed By the journal article ‘that serves as the basis for this analysis,
the present study makes no new methodological contribution to Piagetian

research. lor does it provide a good model for other investigators because

of the many omissions that have been cited which make replication problem-
N L4

atic. Generalizing beyond the population'represented by the subjects of

the study is unfortunate 4n that these generalizations are often Xemembered

-

and cited by the less-than-critical reader.

13

» -

’

The difficulty in establishing equivalency of groups of subjects points to
a rfeed for longitudinal studies to determine what changes, if any, occur

in mental level from high school through college.

.
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Expanded Abstract and Analysis Prepared Especially for I.S.§. by John T,

Wilson, University of Iowa. N .

"

Purpose

The primary purpose was to assess the understanding of concrete and formal
operational concepts by concrete and formal operational students in .second-
ary school science classes. It was generally expected that a relationship
would be found between students' scores on selected Piagetian tasks and
written tests measuring concrete and formal operational science concepts.
That 1is: the concrete operational students would be able to understand
only concrete concepts while formal operational students would be able to

4
understand both concrete and formal operational conceptss, .

’ \

Rationale

~

The study relied on conceptual differences between concrete oéergtional con=
cepts and formal operational concepté. In the study, concréte operational'
concepts were defined és "cdgcépts whose meanings can be developed from

firsthand é&pefience with objects or events", while formal operational con-
cepts was defined as

.

within a postulatorv-deductive system."

"concepts whose meaning is derived through position
Hence, the study assumes that a

concrete concept may arise from direct sensory and tact11e experience wh11e
formal operational concepts arlse in a formally or logical deductive manner
through imagination or through their logical relationships of ideas within
a system. . ’ '

-

As 1s co

ing formal

ing in this study

h in Studigs of this type, emphasis was placed upon undcrstand-

rerational concepts, rather than upon knowing them. Understand-
was limited to students being able ‘to answer comprehension

-
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and application type questions~based on Bloom's Taxonomy, Undoubtedby the

study is"drawn from other earlicr studies in the general area of Plagetlan
research, however, the authors did not provide any clues as to whioﬁ.studies
- L]

in thiqkyast arca of research were of particular importance.

reason for the study was to question thé validity of contemporary high

The basic,

school - Science currlcula that present formal operatlonal.type conceﬁ!% to

a population that is prlmarlly concrete operatyonal

s -s
- . .

; '

o ‘ .

Research Design and Procedure ¢

~-

.

The design might he bBest described as an ex post-facto type design resem-

~

bling more an after-the~fact assessment without anf’real treatment control.

Weasures were constructed and administered external to all classroom instruc-
/ or

tion. This included content tests as well 3s, Piagetian tasks,

The four

Piagetiah tasks included: conservation of weight, conservation of volume,

separation of variables, and equilibrium in the balance, . In scoring the
Piagetian tasks numerical scores were awarded on a 1 tg 5 scale with pre-
operational being 1 point, transition to concrete 2 point$, concrete 3

Subject matter
—a

points, transition to formal 4 points and formal 5 points,
measures consisted of 15 concrete multiple choice questions and 15 formal
mul;iple choice questions. Each set evaluated major -concepts tacght during
the schoo} yeafa Teachers did review the questlons to check the representa-
tiveness of the subject matter included;

validity.,"

thlS was identified as "content
A Spearmac—Brown split correlation was used to eétimate reli-
ability of the subject matter tests. The Ss in this study were selected
from one high school of over 2000 students and represeht a generally above

average, suburban population.

4

.

-
v

A number of statistical manipulations were used to wssess. the relationship

.

between performance on Piagetian tasks and pefformance on tests, Included
was é semipartial regression to assess which Pfegetian task ‘best pyedicted
the Ss' scores on the concrete and formal operational portions of the
written examinatlons. Although Ss Were scored on a 1-5 basis on the
Piagetian tﬁSkS’ thev vere eomchow aes1gncd to one of seven levels of
operational levels. It is not clear how, this assignment was related to

L3
performance on the Pilagetian tasks.

» .

- .
Generally, data were summarized in

+ ‘ -
4 . .

» | | ‘:%‘
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termG of pefcontagcg of correctly answered concrete qutqtlone and percent- .
ages of correctly answered formal concept questions, In addition, a step-
wise multiphe regression ‘table was 1nc]uded summarizing the data for the

best pr@ﬂictor. . . ( |

LY e '
e, F 4 .

. B . .
. - N 1] . N
Findingd- Co . .

4 - - -~ -

\,
: . \

Of the biolegy sample,about two-thirds of the Ss were categorized’'as con- .

crete operationé}’pr post;concrete operational. In the chenistry sample,

most of the §§_were'inatransition‘betwee concrete operational and formal

operational with almost all the sample categorized as post—conctete formal \
\ opetational and tran;ition to formal. In the physics class, Ss were

generally between concrete operatlonal and formal operatlonal ﬁowever,

the physics sample exhlblted a'flat distribution with Ss ;Kcated in seven

. categories. ; . -7 ’
% N .

" * ' -

. Concerning the relationships between ;tudents and their, performance‘on the
content hrea questions, most students in the lower levé{s of intellectual
development found#the tests partlcularly dlfflcult whlle students in the
higher levels found the ‘tests easier as exhibited by the percentages of
cot}ectly answered questions. This pattern held true’for concrete concept
questions as well as formal concept questions, It was not at all surpris-
ing that eil students found the formal concept questions more difficult than

: the concrete concept questions., Multiple correlation coefficients, which

were 'not reported, were significant at the .05 and .01 levels. AOne must

assume) that the authors mean 51gn1f1cantly gre ter than zero It is | <

entirely possible that these may be 51gnifican ly greater than zero but not
+ e -~ - k] s e —

account for much variance.) These unreported m ltlple correlation coeffl—
\cients were summarized to suggest that Piagetian tasks are significantly 4
. ccr;elgted with understanding as operational as g%??ned by the investiga- . {
tors and that thete appearxed ,to be more positive correlation betveen the
" "~~tasks and their understanding of formal concepts and concrete cqncebts.
. The semipartial regression analvsis discloscd that tne conservation cf

volume task and the separation of variables task were the best predictors,

Q K 13 * L. . ‘
“ERIC” - T

v B -
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Generally the data were ‘interpreted My the authors to support the premise

’

. . ¢ . - . N
that concrete operational §§Aweré unable t® develop understanding of formal

concepts. Also, concrete operafiondl §§_w§re gble to dempnstréte under--
staiding of concrete cohccpts, Férﬁai operatioﬁai'subjectsi?efe considered
to be able to devélop\uhderstandiné 6£ both concrete and Eormalféoﬂhepts;
Additional interpretationof find;ngs'suggested that the-apparent retarded-

development in the biology cléss'ﬁay be traced to’ipappropriate subject

matter and teaching procedures, In general, the authors suggest that:-a sub- .

stantial portion of secondary&échool subject matter may not be suitable in

L]

* 4 .
terms of intellectual level of the learner, especially in.the Fase,of
biology students'who were ﬁqéb]e to develop appropriate understénding of
formal abstract concepts. i& would appear that a science course dealfﬁg

with abstraction and bas;c'dnifying themes 1is inappropriate,

. . . : N , :
el ’
P [

e

#o
H

.
Boper iy

’ -
-

ABSTRACTOR'S ANALYSIS *

t
" » .
’ ¥ i
. '
P

Little new information wﬁs provided by the study, It is not surprising that

L} . &
tpe students had difficulry answering difficult questions, Higher level
. ]
questions.(Bloqm's Taxdnomx) are more difficult for s;udénts to answer
. L

- . v . .

because they requiresmorc. information for the student to think about in
T - AN '

order to answer. It wds not surprising that sgudents onr a concrete level

. ¢ .

find simpler ‘questions easier to answer,

LY
. 3

Many specific problems e&ist in 'the stday: The statistical analysiﬂ, the
. N ‘

A%finition of concrete-operational concepts, the method of assessing under=-

standing, ‘the lack of"pqgtocols for Piagetian tasks, and so forth. Atten~-

. . i
+ tion should be given to research which %ttempts to'link classroom achievement

and instructional techniques to intelleétual develophent. However, in
constructing étudies of‘th}s nature, comparisons should be made that will
help teachers and curriculum ‘developers modify the materials that they are
usiné or producing, Cerfaiq]y it is unreasonable to ask the curriculum

developer to leave out all that, "theoretiecal stuff of science." Tn many

cases, the theoretical-stuff is the backbone of science. Science must be

-



viewed as more than a collection of hands-on expecriencest it mudt include .

the development of abilities to construct explanations. The concern of this

o~ .
type of research should not be to find out what concepts students are not

{ understanding bdt rather to find out how students can be helped to learn

. >
those concepts. . ’

*

Specifically, the following are some directions for'research of issues in

this study:

. - ! .
1, View carefully the methods of instruction in relationship to the

A learner's ability and level of development, In this 'study, no \
attention was given to the style and instruction.
' 2, Provide careful descriptions as to how data are managed and how

Ss -are assigned to groups, The researcher is obligated to explain

. his ‘statistical, scoring, and other data management and collection

activities,

N
.

3. .Select p;edictiqn measures (tasks and other assessments) which .
‘fairly represent fhe operations or agbilities necessary in learn-
ing the content, Then, remember that théy*ielate to the learning,
v not always to the testing. What is known in this sfudy is that
some learners on concrete levels had a great deal of difficulty
completing formal level test quesfions. Was the content also -
presented in a formal level? Were the learners gnéble to learn

the concepts or only complete the test?

v

4, Treatment design and methodology‘need not be a problem. Much has

~

1 been written in the area’of A titudg-Treatméht Interactions _(ATI),
] AP .

~a

Many of the problems not solved in this study have been addressed .

L2

’ in ATI literaturg.

J. Interpretation and recommendations must be'reasqnab]e in view of a~
. study's limitation and realities of the classrooms, content areas,
’ and teacher's skills, ' : .
" , > ~
P

s - - ! *
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" scholastic grades in §g{g;qp of junior and senior high students and the

,\Eignéi Stage (2 7 years),

©

-

s
\

*Seconddry School *Science -

Exﬁéndbd‘ABsEract and Analysi® Prepared Especially for I.S.E. by David
J. Harmon, The Duval County School Board, Jacksonville, Florida

< i J '
.ooa / .
Purposg e ‘ .

. : + .. D .
The stated.purpose of the Study was to determine the relationships between
' o f

ability of students to perform formal operational tasks. There

hypotheses tested, .

s

s .

- &
N A .
. . .
o

Acéording to Piagetian theory, intellectual development evolves through

Y

Rationale

f0ur stages/ (1) the Sensorimotor Stage (0-2 years), (2) the Preopéra-

(3) the Concrete Oneratlonal Stage (7-11 years),
and (4) tQ? Formal Operational Stage (11-16 years)x It was assumed that
“the stages are of invariant.sequence and may vary in duvation and chron-

ologlgal age\\\Emplrlcal support for purporting a relatlonéh{p be tween,

v

cognitive develbpment and achievement (sc1ence or in other dlsc1pllnes) 2

was not included. Elaboration of p0551blL relatlonSHlps between cogni-

tive development and learning could provide implications for the science
. I L

teacher and the teacher educator.

“ . "

A

Reseairch Desion and Procedure o ) *
: -

N

Four hundred nifcteen science sfhdents (214, grades 7-9, and 205,

10-12) enrolled fn elpht Weld County (Co]orado) Rcorganlzed School DlS—

grades

tricts were randomly sclected to.participate in the study. Students

A

- ‘_ ]6 ~ - ooy

~ . ’ »
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\ ; : , ( :
‘ ¢ : . -

successfully completing four or more of the five criterion tasks of the | .

Piagetian Task Instrument (PTI) were classified as formal operational;
! ¢
. . o . : A
others were classified as nonformal operational. ' e

e ¢+ .
. N - ~
A

oo . : ‘ . o o RS S
Pour interviewers were trained to promote proper administration and

. ! A L A Ll . 1
. ~ . .

«, evaluation of student pen{ormance on the PTI. Interviewer rellablllty y

(percent of agreement among 1nterv1ewers) was establlshed durlng apilot
--?

shudy with 16 ninth grade students The percent of agreement was 8t or

v 4 hlgh r for student performance on* each, tdsk and. owerall Face validity - .
. was obtained by using tasas modified from Inhelder dnd Plawﬂa(1971) N !
, and Karplus and Peterson. (1970) The reader should note ‘the Inhelder

. ~ -

and Piaget\(1971) reference was cited but not included 'in the blbllO—

[ graphy. .The flve tasLs .are listed, relevant equlpment is 1dezt1f1ed &
and the interviewers' and students' roles are discusse® below, )
: ' ’ . ¢ . ) ’ ’ '
f . - .

.

Task 1: Stlckmen (Progosltlonal Logic and’ Hvoothetlcal Deductlve Reason- .

» ing).  The S‘was given "an 8% by 11 card wfth two stickmen draung one on
each side of the’ card. The stlckmen var1ed 1g’he1ght one being two-
{hird? the height of.the other Rhe S was asked to measure éhu ‘record
the height of the two stickmen with a set of eight connected 'jumbo"

aper‘Q}ips. The "jumbo's paper clips were replaced with a smaller set
of 12 paper clips. Ihe S was then asked to measure only the;shorter

'

stickman and predict the height of -the 1arger st1ckman .

- ¢+ 4 , -’

A ’ ‘ t
o Task 2: Pendulum (Combinational Logic and Hypothetical Df¢ductive Reason- J
A - ‘ ing)r The S.was given a -simple pendulun consnsting.ogﬁa\string, which L \
& could be shortened or lengthened, and a set of varying weights and asked . t

to determine which,variable(s) affect(s) thehfreq%ency of pendulum

oscillation. The hroblem was to isolate™string length from other varia-

. . : -, &
bles. . . )

3 . .

. é- Task 3: Balance (Propositional Logic and Hypothetical Neduct ilie Reason-
. ing). The -S was presented a balanced scale. One weight Was removed~whilc“

N the interviewer maintained equilibrium by holding the fof‘E‘arm . The §

"»

was asked, "Using any of the weights in front of you, how could you get

the scale to balance?" After the S's responge, another{question was

a , ' - “u R ”'
.. . . . .
o ' .” . 17 - ’ C - ) )
ERIC R . . a .
, . . 3 o . ~ T .
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1 asﬁed,'“Are ¢there other ways to balance the scale besfdes the one yoy
_chose?" %he interviewer then removed thc weight from:the scale and
placed another wclght nearer ‘the fulcrum vhile malntalnlng equlllbrlum

. by holding the force arm. Thc S was asked how he might balance the
‘iiale{ and to justify his rcsponscs LI ’

o ‘? . ar 4 l E- 7‘""“. /

Task -4 Chemlcals (Comblnatlonal Logic and Hynothetlcal Deductive

Reasoning). The S was given four flasks conta1n1ng perceptuallv iden- e
‘tical liquids. THe flasks (numberéd 1= 4) contained: - dllute ‘sul furic
acid, watef, hydrogen peroxide, and-thlosulfate. A fifth flas&chn— .

ta1n1ng iodine was preé!a!ed and labeled g. The § was “given twg glasses;

-

one contalnlng 1 + 3 the other conta1n1ng 2. The contents were not

4

revealed to the S Several drOps of. g were poured into each of the two

glasses. After observxng the reaetlons, the S was asked ."How can you

reproduce the color?"’ The,§ was allqwed to attempt to reprodu €he
color. If successful, the §_was asked to-identify the functiqu}oz\lfﬁfgy v
liquids. : N S .

N S

Task 5: sSvlloplsms (Pronosltlonal Logic and Hynothetlcal Deductlve

_ Reasoning). Three sylloglsms were presented to the Ss, each con51st1n?
of two premises and a conclusion. After’ the S resporided that the argu—

ment was valid or invalid, he was a%ged to Justlfy his choice,

- s
. )
> 5 q

Scholastic grades wkre obtained for both formal and nonformal oper%i
tional Ssrat each of the six grade levels. Data %ere anal;zed using

statistical tethniques, including CHf—SquarevTest of Independence and

Point Biserial Correlation. A controversy ds to whethier scholastlc

1

grades are categorical or continuous data prompted the usT of these

two techniques.

findings‘

3
f a ~
» -

Both formal level junior and senior high Sﬁ received significantly higher:

(p£0.01) grades than did nonformal §Ss. In regard to tested Hypotheses:

ERI!
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1. There was a significant relationship (p £ 0.01) between scholastic
success of eighth grade, ninth grade, biology and chemistry students .

" and their performance on the W1, ' . B

2., There wag no significant relationship (p £ 0.05) between- scholastic ‘
success of physics and seventh grade science studegts and their *

" performance on the-PTI,

[y

-~
N >

v
N

Significant correfations (p-< 0.01) were found between the number of
tasks performed at the ‘formal operational_lﬁvel and sciendé'grades of

tpuniqr hig' (r = 0,33) . and senior high Ss €r = 0.46). A significant
relationship (p X

of both’jhnibf and ‘senior h{igh Ss and their performance on each of the

Itasks.'

Interpretations Y (\

P

Students defined as formal operational received higher scholastic grades

than did students défined as nonformal. Sayre and Ball state "...the
findings seem to indicate a gradual Rrowth of science'#tudents’to cpomplete

formal_operétional tasks," They maintain that this study reaffirms

L]

- . . ) ]
It was recommended that: (1) preservice teachers should develop greater
: R R §

understanding of Piagetian thee’
-
should be structured around the

. “

students ipvolvea. ;

ABSTRACTOR'S ANALYSIS  °

-

[y
2

Pilot Stuydy

A\ d ' "
The authors contend that intervicwer reliability for the PTI was esta-

blished during a pilot study. The pilot sample was limited to 16 ninth



School., The reader does not know: (1) the'similarity of the ninth grade

-

students to the main study sampie (grades 7«12); or (2).if the peycent of = . .

agrecment among interviewers would be.equally acceptable if grade levels

.

(7-12) had been represented. . .

'3 "

|

. g : ;
grade students enrolled in the Univcrsity-oF\Northern Colorado Laboratory |

' |

|

|

|

|

|

The Popuréy’on and Samples

-

Two random samples of sc1ence students were se*ected, one at the junior

high level (N = 214), the other at the senlor hlgh level (N = 205),

Simple random sampling can only guarantee representa&gvene§s in terms of

equallty of probability for selection, This procedure does not guaran-

‘tee inclusion of Ss from any partlcular subgroup of the population (e gy

grade levels). A stratified random sampllng technique would be needed

to attain grade level representation. S veral unanswered questions

. remain: (1) How was the sample size determined? (2) How‘manﬁi:eachers
and schools were representea by(ghé selected Ss? (3) Were cultural
differences that may affect cognitive development adequately coptrolled?

. A more elabordte pilot study would have provided implications for ques-

tions 1 and 3. Other comments related to sampling are mentioned in the ., ' T
'y -
next section. : , R <7 - .
- » Y M
~/ .
" . . :
* Variables . .

"

The authors did not specify whether quarter, semester, or year science
p .

grades were employed, Nor did they provide an interviaw timetable,

It is likely that internal validity was threatened by maturation.

.

Level of Cognitive Development. The method used to classify subjects .

may be open to question for several reaséns:

{
t

N 1. Lunzer (1965) found that Ss who perform a task at one level of

thinking may well perform fhe next task at a more or less ‘f
sophisticated level, even if the two tasks are logically ' ‘

51mil%Fh ”
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. suppertive, ' T /

.
' . «

Ed
2. Beard (1967> found that for 8 to 16 year olds the level of
loglcal thlnklng varled extenqrvely between schools, As
w1th the study belng rev1eued, the ability to control varia-

bles was included., \
’ ‘ . -

- 3., Linn and Levine (1976) found that adolescents"(agés 11—1@)
siccess rates on solving-logical problems depended on the

familiarity of the variables.

-

4, No rationate was presented for using successful completion

of four or five tasks as a cut-off p01nt“" . .

Perhaps developing a more specific scoring procedure and comparing

. student responses on logigally similar tasks would have’ strengthened

the authors' classification method.

Scignee Grades. This abstractor finds it difficult to think of a measure

less reliable thar scholastic grades, especially when collapsed Qithind

and over grade lebels: A list of possible extraneous facté@s would be

lengthy. Concerning grades, Schwebel (1972) noted that they are probably

based on the ability to memorize, partidularly if a nonformal student is

confronted with formal subject matter, ¢

Findings ‘ L4 "

-

The statlsglcal technlques seem appkpprlate Many orfgpegfinddngs were

for each (i.,e., junior and senior high).

presented by school types; perhaps an hypothesis should have beenftated
&

Finding ¢ (page 171) regarding junior high science §§?is not supported

by the data. A significant (p<0.05) relationship was reported between

"the scholastic science grades of junior high students and their perfor-

"mance on each of the tasks. Table Iv (page_170) indicates no significént

relationship between scholastic grades of junior high students and their

performance .on either Task 4 or 5. Data,in Table V (page 170) are less



v
+ K

With -junior high students, finding a (page 170) indicates a correlatipnf

of .33 betwegg number of tasks performed at*the formal level and grades
. . .

L

Table IV (page<170) indicates that r = .38.\ . o N ?
No significant relationsh{b (p<-0.5) was ob ;ined becézen g}adES\of

physics and seventh grade science Ss and ,performance on t} PTI, 1In, ’
explanation, it was noted that 91.4 percent of 7i;i:££,gr e Ss Qefe )
classified as nonformal and 80.7 percent of the ics Ss wefe consid-

ered formal ope ational. The~strength of this explanation is }ﬁdugg¢$y
the follow1ng:“(1) Table VI (page 172) indicates that 90 percent of
eighth and 86.5 perccnt of ninth grade 3 were cla551£1ed as nonformal;
and (2) 89.3 percent (abstractor's calculatlon)sof all junior high Ss
were nonformal. Peé&aps.a closer look at physics and Seventh grade Ss

N ° A
is warranted{ . > .

Y

>

7Summany

LY -
> -

This research attempts to bridge the gap between tHeor§ and practice. It

- /.
is likely that the study has stimulated the interest of teachers in the
. - & «
possible relationships of individual difﬁegeﬁces a&d achievement.
.w : "%'(g‘
. . 5 e .
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N Expanded Abstract and Analysis Prepared Especially for L S.E. by Thomas P,

. Evans, Oregon State University, .

< . :
J
. ] -

d ‘Puspose ,

. . ' \ f
The investigation was' designed to study the following questions:

[T ’

-

- v

2

(1) CcCan the'anility to control variables be taught to high scho
. biology studepts who do not demonstrate?formal reasonlng on a wr1ttén
i test of 1og1ca1 operat10ns7,' \:l
//’ T2 Are ‘students who are classified as early formal operat10na1
thinkers on. the wrlttenﬂtest of log1ca1 operat10ns able to benefit more
. from‘the ﬂralnlno than students: who are. cla551f1ed as early or 1ate con-

< ~

crete ope;atlonal th1nk3rs7' s ' ‘ \\\\\g

‘ 3 Vﬁf the ablllty £8 control- variables can be learned, is it

gene allzable to problemStutlllzlng noyel materials?

[N

. , » N , . . . .
- N ' - M . \ - .
Rationale } : N
ez oidne . . .
’ A S { Y -
. b )
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The 1nvest1gat£_n was,conducted u51ng the Piagetian model of 1nte11ectua1
develgpment as_its theoretlcal framework "The . investlgatlon represeneedh
an atteiipt tQ test P!aget s position w1th Yegard to the ;cqu151t10n of
for&al reasonlng abllaty .It was related, to earlier 1nvest1gat10ns by
Case, (1974) Bredderman-(1972) Bass and Hontague (1972) and Case and Fry
(1973) The Piagetian tasks and\ﬁcorlng procedures used in the investi-
gatiOn were Pregented in detail in an earlier study by Lawson, Wor&land

Devito (1974) e ‘ ’

.

. .

. i+ - A * ~ ~
¥ . _ .

~ 1
1

B »

The maJor assumpt1ons underlying the 1nveqtigation wvere the acceptance

of the p?Slthn that the ability to control variables requires formal

} ,'-‘ . . @
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reasoning ability and the acceptance of the Longeot pencil and paper
test of logical operations as a_valid and reliable means for classifying

students into selected Plagetian levels of intellectual development.

Research Design and Procedure

The researchers reported‘that a posttest-odly design was used in the
study. Sixty-five high school biology students whose ages ranged from
14 years, 7 months' to 17 years, 10 months were randomly ESsigned ta én
experimental or a control group. The 33 students in the experimentai

group received training in the ability to control variables while the

32 students in ‘the control group received no training.

Students in the experimental group were further subdivided into two groups
prior to she training sessibns, Students in each of the experimental sub-
groups worked in pairs and participated in four‘ 50-minute training
sessions wh1ch followed the SCIS explorat10n-1nvent10n dlscovery sequence

and mode of instruction., Two progﬁens involving the control of variables

were used during the training sessions. The problems included the deter— -
1] ' .

‘mination of the period of a pendulum and an investigation of variables

related to _the number of rotations of a rotoplane. During the first

<o

session, students participated in an exp\gratlon;{fsson using the pendulum.

The concepts of variables and period of a pendulum were introduced in the

second session. The concept of a controlled experiment using the pendulum
was intg&fuced in the third session. The fourth session was a discovery
lesson. It provided the opportunity to apply the concepts of variables
énd controlled variables using a rotoplane. )
~1 o~

The posttest consisted of interviewing each student in thé control and
experimental groups on three Pfagetian tasks; i.e., exéfﬁsion of irrele-
vant variables, séparation of variables and equilibrium in the balance.

ES
Studentq in both the experimental . and control groups were given the

Longeot pencil ‘and paper test of loplcal operations prior to the tra1n1ng

-
sessions., The test zeportedly allowed the classification of the students
1

into concrete,. transitional, and formal operational stages of development.

24,
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A t-test was used in analyzing differences betwecen experimental and
group mean posttest scores on the three Piagetian tasks.

. - ' o€

\

- Findings

The findings reported by the investigators were as follows:

N

1. Student responses in both experimental and control groups were

classified on the Longeot test of logical operations as being 14 percent
earlf concrete operational (IIA), dh percent fully concrete operational
(IIB), 35 percent early formal operational (IIIA), and 8 percent fully

formal operational (IIIB); . : .

[
. 3 2; The mean scores of the experimental group (15.2) and control group

/ (14.9) on the Longeot test did not differ significantly at the 0.05 levél;

3. The mean score of the experimental group (3.12) on the exclusion
task was significantly larger at the 0.0l level than the mean score of the
1

-

controlkgroup (2.53); ) .

4, There was no significant difference between the mean scores of the

experimental group (2.57) and control group (2.56) on the separation of

variables task;

5. The mean score of the experimental group (2.57) did not differ N
significantly from the mean score of the control group (2.69) on the‘equil—\

ibrium in the balance task; and
, :

6. Students in the experimental group who were classified IIA; IIB or -

<

IITIA on_the Longeot test showed an overall average gain of 1.5, 0.69 and
0.33 substages, respectively, when classified on the Piagetian tasks

following training. . ~ ‘

1

Interpretations . \

Thé investigators concluded that training can increase student performance
s ¢ on a task designed to measure the ability to control variables when the

task involves materials similar to those used in the training. The fact

[SRJ!:‘ . ) 25 o)
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that the control group performed as well as the experimental group on .
the tasks measuring transfer of training suggested that the improved .
performance Qn the trained tasks wés the result of rote learning’rather

than an increase in intellectual’ development.

. a -
~ - ~
'
~

Another stated conglusion was that students who were ‘classified as early ™~ o

formal operational on the Longeot test did not benefit more from the

training than students who were classified as concrete operational,
3

.

. Upon analyzing why the training was no£ more successful, the investigators
decided thét the factor most likely missing from tﬁe trainiﬁg sessions was
the self-regulation or equilibratiop factor. They proposed a hypothetical
model of how self-reéulation might operate in the training §essions and
predicted that students\would perf&rm at‘an increased level if they parti-
cipated in more experiences similgf to those in the training sessions over
a longer period of time and if’khex were encouraged_to think through tﬁe

problems at their own individual rates.

]

ABSTRACTOR'S ANALYSIS

v .

.

Ovey the pést 15 years, numerous reseaychers have examined whether or not
training can result in thé acceleration ©of students through the Piagetian
levels of intellectual devg}opment: An analysis of these investigations
have revealed that students can be taught to verbalize or perform specific
tasks requiring higher deyelopmeani levels, especially when.thg verbgli-
zations or tasks were similar to tﬂ;se introduced in the training sessions,
but the ability td perform at‘higheg levels was‘not generally retained or
transferable to novel situations. A portion of the résults of this invest-
. ' igation by Lawson, Blake and Nordland.support the conclusions drawn from
earlier investigations. It does, however, provide the added dimension of'
further supporting the .notion that improved performance could be attri-
butetd to rote learning rather than an increase in intellectual development.
Collectively, these investigations Pphold the Piagetian prediction regard-
ing acceleration of development of §tudents from one intellectual stage to

. another, . - - .

-
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A second finding reported by La&son, Blake and Nordland did not uphold
what the inves;igators stated as a Piagetian prediction, The prediction
being that training would only be effectjve for students‘classifjed as
‘transitional, defined in the study as late concrete operational‘ﬁnd
early formal.operational. Student$ classified as earl§ concrete and
fully concrete operational showed grecater improvement as a result of the
e training~than did students classified as early formal operatiomal. The
investigators were quite surprised by this finding and Buggested that it .
may have been the result of rote learﬁing and ceiling effect, An addi-
tional rival hypothes}s for explaining the finding and one not mentioned
by the investigatqrs may have resided in the quality of the pre- and post-
test instruments and/or the interrelationship between what thé instruments
were purported to have measured. Unfortunately, a detailed description of
the instruments, includiﬁg discussions of their validity, reliability and
intercorrelations were not included in the reséapch report. The only

bibliographical references made regarding the Longeot test were incorrectly

listed and therefore unavailable.

‘The research report would have been improved if it had included additional

information regarding the testing instruments, Some information on the

tests, was available, nevertheless, in a more recent réport by Lawson and N

- Blake (1976). They made comparisons amoﬁg three tests,’ including the p
‘;hrZe Piagetian tasks, a bioiogy examination, and a 19-item yBrsion of

the Longeot test. Chi-square analysis yielded a significant relationship

at the 0.02 ¥ével bBetueen student classification on each Piagetian level , -
s on the Longeot test and three Piagetian tasks. The results §f the chi-

square analysis presented by the investigators appeared impressive, but
Light (1973) has pointed out' that chi-square suffers from a lack‘of ipter—
pretability. It:iﬁ‘possible to obtain a high}y significant chi-square E
value even though the variables are only slightly associated. The chi-
square value showed that a patfcrn existed between the test results that
was significantly different from a random pattern, but it did not provjide
a measure of the correlation between student placement on each Piagetian

-

level by the two instruments.\

a
IS

In fact, data from the contingency table revealed a skewed pattern with

- students being placed on the same Piagetian level on both instruments

ERIC o m, - ,
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only 29 out of 60™Mes or roughly 48 percent of. the time. Students
were classified at higher Piagetian levels on the Piagetian tasks than
on the Lonéeot test 23 out of 60 times or approximately 38 percent of
the time. ;This apparent skewed rclaﬁionship suggests a plausible explan-
ation for the concrete operational students showing greater improvements
than students classified as transitipnal or early formal operational as

ents classified as fully concrete

a result of the training sessions. St
operational on the Longeot test may have actually been transitional while
those classified as Qeing transitional on the Longeot test may have been
ful}y formal operational as measured by the Piagetian tasks. Such an
analysis reveals the necessity for an indepth ex;\'nation of the testing
instruments. It further suggests that the discussion by Light (1973)

on the analysié’of qualitative data in the Second Handbook of Research

on Teaching be examined before accepting chi-square as a method for

analyzing data in contingency tables.

o

One question should be raised regarding the chi-square analysis between
student classification on the Longeot test and three Piagetian tasks
beyond it being a questionable method of anaiysis. A rgcalculation by
the reviewer revealed a chi-square value somewhat 1eséythan the reported
value, The recalculated value was significant at the 0.11 level rather

than the 0.0} level. .

‘ .

.

In addition to the 'investigation by Lawson and Blake (1976), the Longeot

pencil and paper test of logical operations was described in a companion

“research repoft By Lawson (1975) and a more recent report by fawson and

Wollman (1976). The original test contained 28 items, but a ‘shortened
form was, tsed in the previously identified reports. Lawson (1975) admin-

istered a 15-item-version of the test, although he stated that he had

.reduced the .test to 14 items. Lawson and Blake (1976) used a 19-item

version of the test, and Lawson and Wollman (19767‘hortened the test to

8 items. The use of the inconsistent number of items in these investiga-
tions and failure to identify which versioq?of the test was
present investigation provides a very confiising situation. Im\addition,
it is difﬁicult to(havc confidence in a tesf whem such procedure:
coupled with ékprcssing Lhé religbiliﬁy in terms of internal consigtcncy

and not Fc-cs?ablishing vaiidify, are used, Modifying can and frequently

does have sqrioﬁs effects on test reliability and validity.

¢
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An explanation of why the reséirch des&nﬁ was referred to as a posttest
only design also would have improved the research report,, Experinwntal
and control group posLthts were used Lér answering the first question,
but the Longeot test apparently served as a pretest and three Plagetlan
tasks were used as a posttest: for.answer;ng the second question of which
level of studggﬁs benefitted most from the tréining. The Longeot test '

was not called a pretest; however, it was used to classify students into

the same Piagetian levels as did the three Piagetian tasks:
[ - . -~

¢
4

The recognltlon and statement by the investigators that the "appropri ate—
ness and/or quality of the tralnlng sessions c0uld have been the reason
for the lack of success or the posttests by the experimental, group was

commendable. The writers of other research reports would do well to

_ ~follow this example when it is app}icable, . ' ,

. . S
The prediction thag the investigators genergted f%om their hypothetical
mo@el of how self-regulation might operate in the trainipg sessions was
interesting and congruent with the Piagetian model of intellectual
development, Of course, it remains as a proposition requiring further
research, Add]tlonal areas of research include determining the test—'

retest rellablllty and establlshlng the validity of modified versions

of the Longeot test, comparing various methods of analysis of data in

cdntingency tables, determining whether or not understanding of the con-"

cept of controlIling variables if characteristic of high school biology
students and examlnzng different strategies for training students to

control variables.

a® . » -
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Espejo, Mila, Ronald Good, and Paul Uestmey "Evaluation of a Child-
Centered Science Curriculunt Using the Intellquual Models of Piaget 7
and Guilford." Journal of Research in Science Tcachingn,g 12(2):147-
<155, 1975. ) , ) .
Deécriptorq~—*CurrirdTum Educational Research; Eldmentary .
Education; *Elementary School Sc1ence'\Learn1ng Theotles;
] Sc1ence Education * bW
— ~ ~l/)
Expanded Abstract and Analysis Prepared Especially fot, I S E by Uiltiam
R. Brown, 01d Dom1n10n University. .
;l. ‘ ’ o 3 .
e . . -
\ . : .
Purpose - S : . °

-
.

The purpose of this investigation was to determine the effectivehess of
. . . »
a child-structured seience program in further developing selected intellec-

tual factors that appear to ‘be sequentiaﬁgy developed among pre-operational

and concréie—operational children. A major component of the study Was the

develgpment og tasks to measuré the hypothesized intellectual factors. .
. . . . .
-~ 4 . . \ .
Rationale — > . . '
. - ’ ~ . 4

The investigators proposed that instructional programs should be gvaluated
in order to determine the effectiveness of the materials and procedures in

attaining §tateé goals. Research findings suggest that Guilford's

structure-of- 1'péllect model presents the pbss1bllity of 1solat1ng spec1f1c
intellectual sk1lls that can. be' further developed by specific learn1ng

exper1encesiﬂ‘.ﬁe experiences should be geared to ‘the cognitivé capaci\y

and modé of functioning of chil rén as described by Piaget. -
., ‘ 3 -
N\ i - ;
.o - .
Research Design and Procedure i ‘

teristics:

I * N . ’ i

N . D- X " . ) (-2

The variate was student experiences in a child-structured sc¢iénce program,
Child-structured was operationally defined as having thg following eharac-
(a) Manigglatjve materials were available to every student
during each leqqon in quantltles such that sharing was nog requ1red (b)

Sets of materiald allowed for a varlety of activities whichgwere deter—

~ mined by the students; (c) The tencher avoided evaluation and directive
¢ L]
behaviors and attempts to interact with individuals. , T .

3, .. : .
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Intellectual factors hypothesized to be strongly associated with selccted

sets of science materials were: cognition, convg{jent production, and
evaluation of figural classes: cognition and evaluation of figural rela-

tions; cognition and convergent production of Tigdrfl implications; ,and

evaluation of figural systems. . : ) <

. b
The criterion variable was performancevon taské‘designed for the study,
that measured the eight hypoLhes1zed’1nte11ectua1 factors., Factors in
the test battery had a high probability of being developed1as suggested
by the nature of thecactivities. There'had to be as mapy task variables

in the test battery as were needed to identify and dualify the facfors

in the factor matrix. The tasks and the respective faetors aré discussed

> .

in detail in the report. - ) T

—

Two tasks were used only to indicate whether a child was’gt the pre-
operational stage in the development of class concept A third task
was used to determine whether a child ‘was. at the pre-operational or

concrete-operational stage of class concept develoé%ent.

0 . .

-

—
For size, area, and volume relationships, three tasks were designed, to

designate a child as being in the pre—operational stage.” A fourth task

assessed whether a child had passed iﬂto the concrete-operational stage.

Another task involved the evaluation of serial systems and'could not be

used for siage categorization. The final task was used to indiézte

whether the child was in the cogzrete—operational stage of the develop-
ment of the cogeepts of area agzxzblumel respectively, pr.;q'the stage \
preceding it,

v’ g
°
)
H

A reliability estimate of 0.927 was obtained for the cognitive test L)

. \J - t
instrument by the use of alternate components.

-
- 4 "

A delta index was developed for use in‘val%gation. If'the rate of
development of the intellectual factors varies, scores ofnchildgen'
within a partitular age group oﬂ‘igcms homogeneously measuring the same

factor would be expected to cluster on*a development continuum. There
a .

would be as manx,?lusters as factors being measured,

I
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Task analysis was conducted to identify the tasks that contributed

notably to the significant differences among the total test means of

thé subjecté in each of the four treatment-afe level combinations Bf

analyzing for effects that could be attributed to treatment, age, or
i)

treatment-age interaction, ~ )

- -

[N

.

The treatment group was 23 ﬁhkk.graae students. . Two control groups

consisted’ of 23 kindergarten students and 27 first graders. Intact

classrooms were used. Age and socioeconomic status were used to screen

students to be included in the project. The design model was treatment-

posttest for the one class and posttest only for the control groups.

-

Toward the end of the school year students were interviewed on the tasks

and responses were tape-recorded and scored.
a & ' '
Where the means on a given task of at least two of the four age-treatment

groups were below 0.90, a two-way ANOVA was perﬁormed t-Tests were used

to compare means of all p0551b1e palrs of treatment age groups to deter-

mine sources of qlgnlflcant d1fferences. One-way ANOVA was used to

investigatenge effect for those tasks where means af three of the four

\

treatment-a groidps were above 0.90. .

.

Findings
—_— ~
All the children were observed to be in either the pre-operational or the
concrete-operational stage. There was a éignifica;t difference (.01)
between the treatment and the combined control groups, but age and
treatment-~age interqftion w?s not significant. Results favored the
treatment group in terms of the development of the concept of class, and
size, area, and volume relationship as well as the intellectual factors

related to-fhese concepts.

RSy : -
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Intéfpfetations

&
The results support'the conclusion that an activity-centered program,
where the experiences wé}e designed to match the cognitive structures
of children in certain stages of development, pyomotes ‘the development
of intellectual factdrs thch enable children to move to the concreté-

operational stage.

Results of7xhe item analysis may be interpreted to imply that the acti-
Vizies on classification and size relationships promote "the development

of the intellectual factors: convergent production of figural classes

and evaluation of figural éystems, respeétively. Cognftion of figural.
classes and evaluation of figural relations may be developed by the time
children are about seven years of age without specific experiences such

as those provided in a child-structured program, & \__\\\
Intellectual factors from the(ﬁuilford model é;n be predicted, identi-

fied, and assesged by Psing interview tasks and techniques deri;ed from

v

the work of Piaget,

¥

ABSTRACTOR'S ANALYSIS

This study dealt with the application of lég;;;ng and cognitive develop-
ment theories to ¢lassroom instruction. This has been indicated as a top
priority for research by NARST members (Butts, 1977, p. 163). The inte-
gration of the Guilford and Piaget models is an excellent "start" at

a7plicati?n of learning theories to science program planning.

Q » ‘

’

The investigators developed and validated a series of tasks linked to
specified intellectual factors. The description of the tasks in the
report would allow for replication of the study. The replicability

ﬁotential of the study is an asset not found in many educational “studies.

. Prior toxfagii;ation or extension of the study, to points need to be

clarified in the resecarch design. First the length of time of the

*q
v
- . -
Y .
.
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- treatment gshould be specified. The investipators developed an excellent

operational definition for a child-structured science program, but the

reader is not informed as -to the duration of the treatment. Treatment

length and related variables such as spécific teaching strategies used ¢
could be variables that affect performance on tasks. Y ’ ‘

H \ " -
A second design festriction is the lack of random assignment of subjects

to treatment and control situations. Randomization could certainly
- strengthen confidence in the results. . - '
- &
It would be helpful if the "delta index" referred to for use in valida~=
. _ tion were e%plained in a- symmary fashion. footnote specified that this

information may be obtained from the investigators. The conclusions

v
-

reached are dependent, in part, on a valid assessment insStrument. ¥

v

Unfortunately, many "advocates" of Piagetian principles are enamored with

age guidelines. The investigators in this study were careful in this
hY

respect and established two levels with 6:11 as the dividing iine. A

Regsrence to stages rathd; than ages lends credibility to the findings. L

k4

A fundamental questldL of thts study is what actually waslevaluated'7 . ‘\\
The investigators refer to "evaluation of a cblld—structured science
“curriculum." Their working definition of "curriculum" actually describes
» instructional variables. If curriculum is "a plan, a structured series
of intendéd student outcomes of a set of planned expetiences indicating
that which has been identified as worthwhile for students to learn or ' (
‘experience," then curriculum evaluation is accomplished through the con-
sistent and logical use of statements in decision making (Whtgz, 1977, pp.

3-6). The assessment of student learnings is a procedure for evaluating
instruction. Instruction refers to the behav1or of teachersgand the

strategies selelted to promote the’objectives of the currifﬁ?&m. It

appears to this reviewer that the intellectual factors as identified by

Guilford can be used in a curriculum plan. How "well" these factors are

v

- ~

' i7Veloped depends on instruction quch as defined in, ‘the tasks developed f?
or this study. =

El{lC \ | | 35: _ b \
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' v The evidence gathered by this investigation supports the utility of the N
g intellectual models of Guilfor? and Piaget in program évgluatipéffor . |
young children. Developmcﬁt of tasks for older 1carnérs‘;9uld certainly ;
be a useful contribution to the research pool. ‘ )
* @
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Purgose gié

. >

The purﬁose of this study was to analyze the hierarchical scheme of seven
operative structured defined by Jean Pilaget as well. as determine if the

sequence of two substages of concrete thought and two subétages of formal
thought cohstitute a hierarchy of related components, Three hypotheses “

were testgd:

_—

2,

1. Is there a hier@rchicgl/s&ructure among the concrete operational

¢ stages III A and B and the formal operational stages IV A and B?

’

{

© -
2, 1Is there a hierarchical structure among the logical operations

of classification, seriation, logical multiplication, compensa-

tion, proportions, probability, and correlations? '

3. Is there a factor describing stage III'A operative structures_and

g3
another factor describing stage III B, IV A, and IV B operative

. ?
~

RS

structures?

Rationale ~ . ) a "
‘ . 'R )

The operative structures defined by Piaget are important because investi-

gations have shown that they determine the form and function of concept

‘

acqu1sit10n. As an individual acquires more complé/\bperative structures,
!

he is capable of acquirigg more complex concepts.




L

Piaget's theory of development states that the development of more complex
operative structures depends upon prior development of simpler operative

'\ structures. If the Hypothe¥¥ed hierarchy of operative structures of
classification, seriation, logical multiplication, compensation, propor-
tions} and correlations is confirmed then it meahs that the K-12 science
curriculagshould consider this sequence in designing instructidnal sequences

for science concepts. Conversely, if the sequence is not confirmed then

science instruction need not consider the interlocking dependence of these
: SRR

-----

structures,

Research Design and Procedure

x

Instrument—the Raven Test of Logical Operations contains 68 pencil-paper

e’ items testing for use of the seven~operative structures investigaped. The

‘ test is divided into three parts each requiring about 45 minutes for admin-
istration.

_ . 1
Subjects were 896 male and female students ranging. in age froﬁ 8.8 years
. " to 19.4 years. Subjects were selected from third, fourth, fifth, sixth,

seventh, and ninth grades and college freshman classes drawn from four
metropolitan areas: éhiladelphia, Pennsylvaniag Buffq}p, New York; Sala-

/ ¥
manca, New York; and Atlanta, Georgia. -~

Guttman's radex theory as modified by Schoeman- was used as a quantitative

P ) »
technique to test the first two hypotheses. The third hypothesis was
tested by use of Alpha Factor Analysis, , oot - " B
e 1
S—
t F ’
Findings
Hypothesis one was accepted in that the‘prcdicted order of complexity
(stage III A, III B} IV A, IV B) was found. The rank order of the simplex .

loading coefficienfs associated with the substage levels was thé same as

the predicted order.
t

Hypothesis two was rejected in that the rank order of the coefficients asso~
*clated with the seven logical operation \‘iables was not the same as the |

[SRJ!:‘ predicted order. X .

,,{ [
\ . 38 7.,




developnent thus enhanc1ng the concept s generalaty and retention.

. . 4
~ 0

Hypothesds three was accepted in that’tﬁe'expectcd loading pattemm of

the seven logical operations variables was observed. Classificagipn,

seriation, and compensation showed moderate leadings.on factor II while

logical multiplications, compensations, proportions; probability, and

correlation showed moderate loadings on factar 1. .

~

Interpretations- ¢

-
<

The results of the Btudy show that two concrete substages and the two
] ¢

formal substages of cognitive development are hierarchicelly related but
that some overlap exists. Presumably some operations develop in a parallel
fashion. The seven 1og1cal operations, do not by themselves form a linear

hierarEhy. This result suggests that several logical operations within a

.

group may be used to construct science concepts by individuals at a spec-

-

ific stage. The operative structures may be viewed as a means for -

extendlng the use of any given sc1ence concept within a given level of. ) i

ABSTRACTOR'S ANALYSIS .

v

~ <

[

This investigation was based primarily apon the rather”tenuous hypothesis .

O
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that thé seven operative\structu"es of classification, seriation, logical
multlpllcatlon,ecompensatlon, proportion, probabllity, and correlation
form a sequential hierarchy in the order 1isted Raven and Guerin admltf
that Piaget himself does not suggest this hierarchy, nevertheless they
claim that it 'is implied ey Piagetian studies.

Certainly some sequentiality must exist (e.g., classification and seriatgdﬁ
must come before correlation) but I find no justification , for drawing such
an implication from the studies cited by the present authors. A more »
modest but much more believable interpretagion'of those studies is simply
that tke logical operations of the concretevstage must precede those of

the formal stage. This in no way implies that any two operations of a

single stase, such as proportiohs and probability, are sequentially achired

-

3% . .
o

within a giwven stage.




: - \
Raven and Guerin proceed from this tenuous hypothesis to state that if

the hypothési; is confirmed, then the K-12 science curriculhm should con-
sider the sequence in teaching concepts. Further‘éﬁey state that if the
orde} is not confirned then §c1enceb1nstruct10n need not consider the-
1nterlocx1ng dependence of these, structures. For example, no attention
neqd be paid to compensations and seriations when teaching concepts using
propoftions. I find'tﬁis statement unwarranted and unjustified. To imply
that the usefulness of Piaget's Qheory of the developmqpt of operative . .

structures rests upon the confirmatien of the present hypothesis of

" sequentiality is ‘presumptuous.

Nevertheless, the idea of a sequence of hierarchically related operative
structqreﬂ within stages ig an interesting one. ‘Unfortunately it isiyui
one so easily tested. The use of the factor analytic techniques employed -
by Raven and Guerin, although useful, cannot really tell us if, say,
classification precedes or follows sq}iation or if proportions precede

or fo}low probability. This is because the analyses are dependent in part
upon the difficulty level of the items. The most difficult items generally
turn out to be the ones at the top of the hierarchy. But this need not
imply that they develop last. This is\siﬁply because not all items involv~"
ing one operative structure are of equal difficulty. For instance,’a number
of items 1nvolv1ng proportlons and probablllty can be selected with a wide
range of overlapplng d1ff1culty. If one selects only the easy proporfions

items and only the difficult probability items, then the statistical analy-

sis will éhow>probability at the top of the hierarchy. If, on the other
hand, only ‘easy probability items and difficult proportions items are e
selected then the order will be rgveréed. So which comes first? The
analysis cannot tell us. For this reason hypotheses such as this are
extremely difficuif, if not impossible, to test adequately.

/ : '
Raven and Guerin claim to have found support for their first hypothesis
concerning the hierarchical structure of the concrete ITI A and III B and
the formal IV A and IV B substages. What they in fact found support for
was the following sequence: classification and seriation (which tﬁey placed
in substage III A), logicalsmultiplicdtion and compensation (which they
placed in substage III B), proportions and probability (placed in substage,/
‘Iv A), and correlations (placed in substage IV B). They have simply grouped

test scores from different parts of the test. Empirical support for the




L ¥

validity of the éequentiality of this' grouping of items is found but at
*
this point a question~ts raised as to the value of such empirical support.

.
Let me clarify with an example. 'Take correlations, for instance. If one

. aﬁalyzes what is needed to solve a correlation task, it becomes imme-
diately obvious that the data under question must be classified, then the
number of instances of class members be_cbmpared, then joint probabilities
or ratios of occurrences and nonoccurrences of class members must be com-
puted, Without these initial steps the correlation task cannot be solved.
Obviously then someone\would not solve a corrélation task 1if hé were unable

to solve the logically less complex task of classification and so on.

o

This simply stands to reéson, The empirical result Fbat the correla&ion
tasks are more difficult and are solved only by those who can also solve
claséification tasks is not the least bit surprising. Other similar argu-
ments could be made for the other operative structures irvestigated.

s
The ‘results of the test of hypothesis three that showed the operative
structhres do contain two general factors support eaﬁ%ier factor analytic
studies which indicate two general modes of t%ougﬁt: concrete and formal.
Raven a¥d Guerin's distinction between the concrete<faétor as one inwlv-

ing the arrangemeﬁt of events and objects by property and the formal

<y

factor as one concerning the coordination of changing variables appears
insightful and potentially helpful. However, the means for using these
two operative structure ddmains for the improvement of teaching sciknce

concepts sugéested-by the authors is not at all made clear.

O . .
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Lawson, Anton E., Floyd H.Nordland and Alfred Devito. !*Relationship of
Formal Reasoning to Achievement, Aptitudes, and Attit;gku( in Pre-: ",
service Teachers." Journal of Researcli in Science Teachiny, 12(%):
423-431, 1975. - -

Descriptors--*Achieverment; *College Science: Edycational Research;
Higher Education: *Intellectual Development; Learning; Preservice
Education; *Science Education

' (%
Expanded Abstract and Anslysis Prepared Especially for I.S.E. by’ Joseph P.
Riley, II University of Georgia. - .
) {
Purpose ‘ ' ,

’ A -
4

. . »
1. To determine relationships among students' scores on fé ur Piaget—

ian styled tasks measuring Formal reasoning abllity and scores on

.measures of attitude, aptitude, achievement and knowledge of the

stience processes.

2

2. Analysis of these interrelationshios to determine if the Piagetian®.

styled tasks do reflect a meaningful measure of the extent of for-
mal operational thinking abilities or if they simply measure
physics or science content, »

- . «
.

Rationale- - = - - o

4 -

Recent studies indicate that as many -as-58-75 percent of secondary wnd——

\

collegei}evel studé%ts fail to demonstrate formal reasoning ability as
measured by Piagetian-styled tasks. The authors raise a question about
the validity of these findines, suggesting the possibility that the tasks

may be dominated by physics eontent which is simply unfamiliar to students.
t Y :

Research Design and Procedure

ooy

3

An ex post f&cto design using hybotheseg testing orocedures was employed.
Four Piagetian-styled tasks were uigd td measure the formal reasoning
abilities of 71 college freshmen and sophomore eleméntary education majors.
The tasks and their reported reliabllity coeff1c1ent~are' The Conserva-

tion of Volume Ueinn'Clay (.24), The Conscrvation of Volume Using 'Metal
42
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r
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Cylinders (.48), The Sepa??zf6;~gf—6ariables (.79) and The Exclusion of

Irrelevant Variables (.79)\.

‘

L4

«

Points were assigned to each task arnd subjects stratified into three

4

"
categories based on the sum of their total scores. These, procedures

identified 13 subjects as concrete operational, 47 as transitional, and

. ‘ 11 as formal operational, .
) ' . -

The following achievement, aptitude, and attitude measures were obtained <
. p
. from student records and used as concomitant variables. .
. . ) \ . -
. A. Achievement measures ) - y
. ‘ 1. Science - Biology/Chemistry College Entrance Examination ’
2. Science - Sequential Test of Educatidnal Progress {
) 3. Science - The Wisconsin Inventory of Science
4. Mathematics - College Entrance Examination
. 5. English - College Entrance Examination . .
: 6. High School Graduating Class Rank
*%.. College Gradepoint Average ‘ o
4 B. Aptitudd measures

\

> ¢ -

8. Mathematics - Scholastic’Aptitude Test

- : "9, Verbal Scholastic Aptitude Test

i
* C, Attitude measures

\ ’ .

10. Attitudes toward Science and Science Teachings— The Bratt ‘Attitude

Test ! @ , :

0, -

: The data were analyzed in three ways:,

,

1. Intercorrelatiens were run on the task scores and the total task . -
v

score with all achievement, aptitude, and attitude measures. .
N Correlations which reached significance at the .05 level were
- N . .
corrected for attentuation,
4 ‘ : ,
%
o )
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2, Onec-way analysis.of variance procedures were used to test for
3 significant differences among the means of the goncrete, trans-
o itiohal, and formal operational groups on each-of the dependent
variébles.
- .
3. Principal COmponents Analysis was run to determine the number of
.‘ significant factors among the variéblesimeasured. Only loadings

s

N greater than .30 were included.

.
3 —~~
' .

* Findings = ° ) . -

-

The majoritv, @6 percent of the sample, demonstrated transitional responses,
With the exception pf the conservation of Volume Using Clay task, resglts
obtdined on the Piagetian-styled interviews were consistent with previou§
studies. -On‘ the Clay task, 90 percent of the—students exhibited conserva-
tion reasqping compared to previously reported percentages of 58 by Elkind
(1962) anjgbl by Towler and Wheatly(1971), Except for this same task, all
other task scores correlated positively with all of the other measures.
The correlatioms among students' total task.score°and all othdk measures
were found posiEive and sienificant. -~ ‘ .
V.
C;rrelations among the task scores and the science achievement tests as
well as the mathematics and English achieveﬁent tests were significant,
T with the science measures‘somewhat higher. %he correlations of task
scores with the verbaltand math aptitude scores were moderate to high.
Moderate correclations were found between the Piagetian scores and the
attitudevtest. Low to moderatef@rrelations were found between the task
. *sc¢ores and scores of the test of science processes. . .

Results 6f the one-way analysis of variance showed differences between the
' means of the three groups, with’the formal group scor%pg higher than the
transitional group and the' transitional highef than the concrete groun.
. Howeyér, only four of these differences were determiged to be significant..
The F-ratiod on the Science (STEP) test (p <.001), the verbal aptitude
test (p<.01), the math aptit&%e test (p<.05), and the att&tudeomeasure

(p <.05) were found to be significant. :

O
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Factor apdlysis identdfied four companents, accounting for,é%;3 percent
of the‘total variance.» The_first-zomponent, accounting ﬁgc1§3.l percent
of the variance; was idéntified as an achievement dimension. The Conser-
vation of Voiume Using Cylinders task:-.was thevonly task which loaded on
this component. According to the authors, this é%ggests that:obtaining
good grades is probably dependent upon something other'than the logical)
reasoning apilities'measgred by these tasks. The second component was
identified as a\logical reasoning and attitude dimension (13.1 percedt).
Thé Separqzion and Exclusion tasks loaded\significantly on this component.

+ The authors suggest that it js possible that as a person develops the
abilities to successfully respond to the Piagetian tasks his attitude
toward science and science teaching as measured by the attitude :instru-
ment also improves., A s;ience and mathematics achievement dimension was
identified as the third component. The highest lsadiné% Qere on the
science achievement tests with .85 and .79. Math anhigﬁement an? aptit
tude ishgfd at .53 and .45 respectively. while English achievement and
verbal apfitdde loaded at .37 and .45 respectigg§§.

Interpretations ) *\eé

" “f
Tﬁ? authors conclude that Piagetian measures of formal operational
reasoning abilities are significantl& related to achievement, aptitudé,
attitude, and knowledge of the scignce protesses. ?3ey also conclhde
that the Piagetian tasks are generally, but not entifély, content free.
fhe authors gnterpret the implication of their findings by suggesfing
that those secondary school and‘college students limited tgtconcrete
“modes of thinking should first be confronted with ideas and materials

" at their own level of capability and then- gradually be asked to deal

with ideas at a more abstract or formal level. .
)

ABSTRACTOR'S ANALYSIS - .

>
-

’

This ex post facto study_ﬁppports previous research findings indicating
little or no relationship between sciénce‘knowledée and formal sopera-

tional tasks. The results also contribute to existing research by



O
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providing further evidence of the construct validity of selected Piagetian

styled, formal operational tasks. The gtrength of these findings have

been evaluated in terms of the tudy's procedural and €xternal validity.

. L 4

-

Procedural Validity -

Thro&gh hypothesis testing, the authore;have ayeided the unsxﬁtematie:
search for relationships so common to most eXx post fbctoqreseafch. "
Instead, they have designed a controlled inqSiry by predicting the signi-
ficant and non-s&gnificant relationships they would have expected if their
hypothesis weie tenable. Procedures such as reporting the reliability of
the Piagetian tasks, and limiting correction for attenuation to only those
correlations reaching the .05 significahce level, enhance tge study’s pro-
' cedural validity. The analysis is appropriate and well repofted'but is
not as complete as it could be. Post hoc analyses of the significant F
ratios found in the analysis of variance are omitted . The authors:
reported significant differences ~among the overall mean scores of the
concrete, transitional, and formal groups on four of the measures. , They
also report that, in all cases, the - mean scores of the concretd group were
lower than those of the transitional group and the mean scores of the
tran51tional group were lower than those of the formal group. The signi-~
ficant F ratios indicate that differences exist among these three sets of
mean scoreé, They do not identify where. these differences occur. Multi-
ple comparison techniques sheulq haﬁe”b;en employed to identify where the
significant differences couhi?e found.. The fact that the three sets of.
mean scores fell in the order thegsdid prov1des evidence._that the . -

differences are of the nature hypotnesf}ed. Howez?r, multinle comparison

procedures could have provided more information on -the strength of this

evidence. For example, below are»three'possible results of multiple com~
- . ? S

parison analysis of these data: e, . L
« . . “ - - [N
— — N
A) X Formal X Transitional X«(foncrete .
B) X Formal Xﬁinsitihng‘l X 5(;,on‘crczte« -
C) X Formal X Transitidhal X Concrete S 2,

(means not underlined by the same line differ significantly)
. i * i . .
- . (46 a/ Vs '
. o . :
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In this.example, C provides the strongest ‘evidence that 'the results are

as called for in the hypotheses., ljyfiahxults of B provide léti/eyidence
than C but more than A, : ] \

N

2

Despite the omission of multiple comparison procedures the results of the
three different analyses; correlatibn,ione—wav analysis of variance ang
principal component analysis combine to provide strong arguments and
logical validity for the study's conclusions:?

. ~

a8 AN -

External Validity

| ( \
N -/ \

The heterogeneity of tasks, testing procedures, scoring and sample popu-
lations in formal operational research has made generalizability of

findings extremely tenuous, Possible sources of threats to the external
-

validity of this study are: the selection and scoring of tasks, and the

sample population.

°

Tasks. The conservation of volume using metal cyilnders task has been
criticized for not testing the concept of conseryation of‘displacement
volume from a Piagetian standpoint (1977). Surprisingly, the reéults of
thlS study provide more support for the use of this partlcular task thaﬁ

o

for one of the more traditiondl tasks of displacement u51ng clay.

The authors ‘indicate they used testing procedures elaborated by Piaget

and Inhelder (1971) and Sér;lus and Lgvatelli (1969). These two groups

of researchers use dlfferent criteria for task responses. Piaget's test-
ing Q;gcedures make use of anuebjectlve response as well asﬁrigorous
questioning of the subjectvto determine his justification., The latter
group generally only require an ebjective response .or an objective
response with a brief comment of‘justificatibn. The differences between

these procedures can have a profound effect on conclusions'(l975).

'

v

Sample. The authors state that they have no reason to suspect that in

other samples of collese or high school students similar positive corre-
lations wou¥d not be found. However, lack of adequate information about

the subjects raises questions as to their representativeness, The ™

47
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.
description gﬁ_ﬂhﬁ’samplc is limited to the subjects' mean age and the
fact that they were freshman and sophomore elementarfveducation majors.

No informaféon is given about previous exsgriences of the subijects or

how they were selected. Is it safe to assu that this highly select
population of educ§tion maiprs hqd‘no previolis contact with Piagetian
theory? Previous experience with the more cQmmon Piagetian tasks 'could
explain their highly skewed response on the, conservation of v;lume using
clay task, Information reconstructed from the taples raises other ques-
tions about the general representativeness of the-subjects. The sample °
size is 71. However, the degrees of freedom on the analysis of variance
. table indicates 38 scores on the science achievement test. A note after
the description of the science test states six students elected the
biology achievement examination, the remaining elected the‘chemistry~
examination. How representative is a sample of 38 subjecﬁs of whom, when
given a choice between taking a biology or chemistry test, 32 elect the
chemistry test?
Ve
While some threats to extefnal validity of formal operational studies can
be eliﬁinated by detailed research reporting, others resulting from the

early state of the art in this area ‘are unavoidable\ Until -there is

/ 3 3
-, more standardization in formal operational research, jgeneralizability of

. results will bgmgﬁtremely limited. .
Through ex post facto research methodology this study idemtifies the
‘ekistence of relationships beéween formal operational reasoning and

achievement, aptitmdes and attitudes, In additdion to contributing to
tHe construct valZZfE& of gormal operational development, it identifies

//n\;;I;vang aréaéiaaE{Qériables worthy of further study. The search for R

relationships in formal operational studies, characteristic of the early

stages in any research effort, shouldlnow give way to experiméntal inves-

‘tigations., The structural ngponents of formal operations; how they

develop and the variables which affect them are identified directions

for further experimental research. .

.
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< Hasan, Omar E., and Victor Y. Billeh. "Relationship Between Teachers'
"j Change in Attitudes Toward Science and Some Profesgional Variables." /

* Journal of Research in Science Teaching, 12(3):247:253, 1975,
Descriptors--Attitudes; Educational Research; *Measurement; )
*Science Education; *Secondary School Teachers; *Scientific .
Attitudes; S%gmqr Workshops; *Teacher Background

Expanded Abstract and Analysis Prepared Especially for I.S.E, by Frank
A. Smith, West Chester State College. )

Purpose - b

o,

This investigation was an attempt to determine if a four-week summer train-
ing course in science teaching‘xad an ect on science teachers' attitudes
toward science and also whether certain teacher variables had.an effect on

2

, these attitudes, The following null hypotheses were investigated:

Hypothesis 1: There is no change in teachers' attitudes toward
science as a result of a four-week summer training course in .

; N
science teaching.

'
2

Hypothesis 2: There is no significant association between change
in teachers' attitudes toward science, as a result of a four-week
summer training course in scignce teaching, and the variables:
#snumber of years of science teaching experience, number of years-
of college education, and number of weeks of relevant profes-

sional insayvice training. , -

Rationale |

;
Ed '

©

The developmend of favorable attitudes/toward gcience i's generally agreed '
5 upon to be an important characteriéfiz/of a scientifically literate
. person. The authors adopt the assumption ‘that students' attitude§

‘ toward science are related to their teache;s' attitudes.  Therefore,

' - »
it is desirable to know what variables are related to favorable teacher

Tattitudes. - : ’

v

1
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Research Design and Pyocedure

-

The sample used in the ;tudy consisted of 129 secondary science 'teachers
in Jordan who had been invited to attend a four-week training course in
science teaching. The training course consisted of lectures and demon-
strations in scientific concepts,.teaching methods, and the nature of
science, laboratory investigations, reading{ and related films. The
dependent variable, attitudes toward science, was measured by an attitude
scale written by one of the authors. This instrument consisted of 32
itemi which were previously rated on a scale of 1-T1 by 46 university
science professors. The split-half reliability of the instrument was
measured to be .62, ;he independent variables of the study were the train-
ing program, the number of years of science&ching experience, the number
of years of college education, and the number of weeks of relevant profes-
sional inservice training. The research design was of the one-group
pretest-posttest type. Mean scores on the attitude scale were calculated:
The effect of the training program was determined by comparing pretest.gpd
posttest scores by means of a_t—teét. The effect of the various teacher

variables was determined by multiple regression techniques.

The investigators found that there was no significant difference tetween
pretest and posttest scores on the attitude scale as a result of the train-
iné program, The analysis did show, flovever, that two variables: pré;ious
profesgional inservice training and level of education were significantly
(p < .01) related to teachers' gain scores on the atgitude scale.

~ 1

L)

Findings

On the basis of these findings the investigators concluded that:

-
- 1. the four-week training prQgram was ineffective in producing

a significant positive change in teachers' attitudes.

2., teaching g&perience was not significantly related to

teachers' changes in attitudes.

.
. v

3. there was a positive relationship between previous inservice

2

training and the teachers' change in attitude.
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4, . there was a negative relationship between level of educa-

"ti6n and tedthdrs' change in attitude. co- .

3

" Interpretations

In a Qiscussion of‘these conclusions the inveétigaﬁors suggested that the
positive relationship between professional inservice training and teachers'
change in attitudes could‘bg explaine'd as follows:
a) the professional inservice training to which these teachers
had been expesed included lectures on the nature of science
and the viewing of scientific films. Teachers with more
exposure to such training might be expected to show more
positive attitudes toward science.
the sample was largely volunteer and berhaps teachers who
volunteer for such programs tend to be more susceptible to

positive changes in attitude. . .

The negative rélationsh%p between level of education and teachers' change
in attitudes suggested to the investigators that those with higher levels
of education might have formed a stable stfucture of atéitudes towards

science which would be hard to change, while those of lower levels might

not be stabilized yet.

ABSTRACTOR‘S ANALYSIS

The following comments and suggestions about the methodology and findings

of .this investigation are made. It is regrettable that the research design
could not have included a control group and that tHe sample could not have
been randomly sclected. Because of this lack, any generalization of the
findings of this reséarch beyond the sample used in the study must be’
approached with caution. One wishes that there was mdre information in

the report about the validity of the instrument used to measure attitudes,

Data on the results of the administration of the instrument to the group

<
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of university professors would be helpful. Also, the low reliability
of the instrument (.62) for the sample raises further doubts about

generaliZing the findings.

One of the variables is variously referred to as "number of years of

1t

college edncation," "level of education," and "university graduate"

"nonuniversity’graduate." It is difficult for the reader to
determine what was actualiy measured far-this variable because of this
inconsistency. In Table V on paée 252 there is an error in the:record-
ing of the difference between the pretest score (16.94) and the posttest
score (16.59) for the university graduates. The difference is reported
as .l whereas, if the pretest and pgsttest scores are correct, the differ-
ence should be .35. This increases the value of t from .4 te 1.4, This.
new value of t is still not significant and the findings and conclusions
remain the same, : ) . .

An interesting question arises when one compares the finding that the
four-week training course was ineffective in changing attitudes to the
finding that prior professional inservic® trazining was posktively related
to a change in attitudes. Why is prior insegvice training retated to a
change in attitudes when this most recent inservice traiming is not?
Perhaps the changes are cumulative or related to another variable not
measured in this research, such as age. These questioas might be an area
of further research. The finding that teaching experience was not related
to a change in attitudes is also interesting when compared to the positive
relatationship found for inservice training: One might expect a relation-

?
ship between these two variables since those with the greatest number of
years of teaching e¥perience would seem most likely to also have the
larger amounts of inservice training. The question that arises here is

how many in-the sample had prior inservice training.

Perhaps the most interesting finding is the significant negative relation-
ship between the leyel of education and the teachers' changes in attitudes.
The investigators point out that a similar result was obtalégd by Hughes
;n a study involving elementary teacher trainees. They suggest that this
result can be interpreted by assuming that-unive;sity'graduates have

stabilized their attitudes toward science in comparisen to nonuniversity
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graduates who have not yet stabilized their attitudes. Those with the

least amount of education may have the most to gain, This finding can
have important implications for the selection of participants for similar
\

inservice training.

~ L]
.

One can, of course, suggest alternate explanationé of this finding.
Again, age of the subjects seems a possibility. Are the university

graduates older or younger than the nonuniversity graduates? .
In summary, somé of the findings of this research should be investigated

further. Caution should be used in generalizing the results of this

study because of some weaknesses in methodology. .

o - 530
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Willson, Victor L. and Antoine M. Gaéibaldi. "The Association Between
Teacher Participation in NSF Institutes and Student Achievement."
Journal of Research in Science Teaching, 13(5):431-439, 1976,

Descriptors-~*Achievement; Lducational Research; Inservice
Education; *Inservice Teacher Education; Science Education;
*Science Institytes; -*Secondary School Science; *Teacher

, Education; Teacher Improvement

. o N '
Expanded Abstract and Analysis Prepared Especially for I.S.E. by Edward -
J. Davis, University of Georgia.
7

~

4

Purpose . ’

This study was directed at the question, "Is there any evidence that pre-

-F
college student, cognitive 'achifdvement has been increased because of

Rationale . . -

- e ~

The authors make the following argument -for a post hoc analysis:
p ;

‘ . : 5
An experimental comparison between students whose teachers had attended
institutes and students whose teachers had not would be optimal. The
experiment would réquire fandom assignment of teachers to institutes 18
(or not), and random assignments of students to teachers. Since NSF has
not followed s&ch a strategy, post. hoc comparisons may be‘confounded by
certain demographic and personological differences between tegehers who
\ ™

. . - )
potential factors can never be discounted in a post hoc analysis, but

have attended and those who have not attended NSF institutes.

w é

“ ' &
. P R . -
. Research Design and Procedure

i
4 .

A post hoc analysis was performed. The authors identified science (or
mathematics) achievement of teachers, and the level of classes to which

*~~ a teacher 1is assigned to be the theoretical and relevant threats to

. v
- -

6o g
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examining the relationship betwecen teacher institute'qgtendance and

students' academic improvement. ..

.

I
An urban-rural sample of junior and senio{ high schools was selected for

science from Wyoming, South Dakota, and Mississippi and fot;mathematics
from Califori®ia and Indiana. Urban representation was small. Eighty- 1‘. .
one percent of the §Eience and- 91 percent of the mathemalics classes and -
teachers came from small towns and cities under 50,000 population. .
Within each school the principal was asked to select randomly one ‘science
(or mathematics) teacher and then select randomly one class from this
teacher's load. This yielded a total of 346 séience teachers and their
classes and 211 mathematics teachers and their’clasges. Each teacher

was given an achievement testain the subject area (NTE exams in either
Physics-Chemistry-Science or Mathematics). Science students took a 40-
item test taken from the NAEP science test and the mathematicé\ssudents
were g?ven 40 items from the NLSMA item pool. Different 40—i§em forms
were developed for junior high and senior high classes. Not all students
took these achievement tests. Each teacher was given instructions to .

assign randomly attitude, process, and achievement instruments.
4

A
A

From a background questionnaire teachers were classified as having NO,
LOW (1 or 2 institutes attended), or HIGIl'levels of participation in
NSF institutes. This placed 36, 36, and .28 percent of ‘the science

L

teachers and 43, 29,.and 238 percent of the -mathematics teaéhers in the

®
respective groups. R r
P g P ) —

-

<

The procedyres above provided the investigators with a means to coqfrol
tegcher achievement and level of class assignments which were identified

as obstacles to examining NSF institute participation and student achieve-

- .
.

ment. Teacher achievement on the NTE exams was used as a covariate in
.analysis of .student achievemgnt. The random selection of teachers and

a - 1 hd
¢lasses was used to produce a situation wherein approximately equal
high-, middle-, propomstions of high-, middle-, and low-ability classes

“appea;éq in the NO-LOW-HIGH partition of the teachers. The authors ‘state:

The'possible differential assignment of institute attenders to
higher-ability classes was examined by testing the independence

z
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of NSE_participation from the teachers' assgssment of the ability
group of the class from which the achievement d#ta were drawn
(high ability, average ability, low ability, and mixed ability
groupings). Also tested within the senior high school science
‘ data was the independence of type of class (biology, chemistry,
and physics) from NSF participation. The chi-square 'statistic
.+ was used for each test, . . . All chi-sqyare statistics were non-
significant .at p = .05, indicating indeﬁanence of the distribu-
tion of teacher assignments by ability grouping, or subject matter
in science, from NSF instifute participation (p. 433).

s

.
v

Findings.

It was reported that:

The marginal means of student achievement for NSF participation
show a consistent trend in the direction of better student per-
. + formance with increased teacher NSF participation for all-fSur :
. ) analyses . . These means are essentially unaffected by adjust-
e - ment for the.covariate, since none of the regressions are signi-'
ficant at p = .10.... The nonsignificance of_ the covarlate
implies that teachers' science ability is no&?related w1th ‘their
. students' achievement (p. 435).

To follow up differences in mean scores, two plannedporthogonal contrasts
were performed\on the senior high science scores and two more on senior
high mathematics scores. These conkrasts used an F statistic. The
firsthgonsidered the combined scores of students of LOW and HIGH VS v
NO,teacher-institute pa;ticipation., The second contrast compared the
scores of LOW vs, HIGH participation.\ Three of these four contrasts had
.significance at the .0l level. These are relported as suggesting that

‘- teacher attendance at institutes is associated with higher studept per-
- formance than no attgndance, and that students whose teachers attended
thé higher number of institutes (more than 2) did better than students

of teachers attending only 1 or 2 institutes.

>
. Conclusions
~ontlus2ons

-

The authors conclude that a real institute effect is present. Thew pre-~

scribe that institute attendance be required of all secondary science and

.

mathematics teachers. -

&

&

~hy 2 4

-
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ABSTRACTOR'S ANALYSIS
\ A‘

* . -
This study invéstigapes an important arca. In terms of time and noney,
a gréat deal is being and has been invested in in-service education.
Student achievement isﬂseldom used as a criterion to evaluate in-service
programs. It is relevant to do so.
I am left with some questions, however. When principals are contacted
is it llkely that they will select a science or mathematics teacher (and
one of their classes) at random'7 Or will a principal tend to qhoose a
teacher and a class according to spme preconceived criteria in gpite of
guarantees of non-identification of participants? What about the levels
of difficulty of the achievement tests? Were they consfructed to reflect
the range of cognitive behaviors identified in the NSLMA study (Computation-
Comprehension~Application-Analysis)? What about the attitudeland process
measures? How wefé they consqructed?‘ How'did the students perform on

&

them? ) ¢
. i

Were these my only concerns, I would feel good about this study. However,

I must take exception to the authors' conclusions and recommendations.

The trend is‘for students having teachers who participated in NSF-sponsored

institutes to have a significantly higher mean score than students having

teachers who did not attend instituﬁés. But how much higher'are these

means? About 1 or 2 points (items) on one 40-item test. With a large
- 1}

sample it is possible for such a small mean difference to be significant.
Statistical significance is present but it is questionable whether this
difference is meanlngful or possessing any practical significance. Wher-
one considers the cost ‘of an institute, to both sponsors énd part1C1pants,“
a fegomﬁendation that teachers be required to attend them, based primarily

on gains of 1 or 2 points on one 40-item instrument seems at best prema-

» ture and at its worst feathering one's nest.

‘
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N\ﬂ RESPONSE T0 TUF AMALYSIS OF

Mayer, Vicfor J., John Disinger and Arthur L. White. “"Eyaliation of an
Inservice Program for Earth Science Teachers,' by H. A. Smith.
Investigations in Science Education, 2(4):12-14, 1976.

by

Victor J. Mayer and Arthur L. White

-a

H. A. Smlth in riflew1ng the article by Mayer, Disinger and Uhlte in
Volume 2, No. 4 (1976), makes several points that we feel are open to.

y challenge. He suggests that the study is weak conceptually and the
results obtained could have been predicted a prigri. The study was an
evaluation of a combined summer and inservice program to update teachers'
knowledge and classroom skills. It is therefore dlfflcult to understand
what Smith means by_coﬁceptually weak. Perhaps he fails to distinguish .

\\\ between a resea;ch study'which should have some underpinning of tlreory
and evaluation which éeeks to demonstrate the relative effectiveness of =
a program.( The program evaluated had a consistent thread or focus. The
indtruments ‘used were selected or developed because they reflected the

C cogkent apq philosophy of the ESCP program amd/or the prevailing philo-

sophy underfying modern junior high science curricula. The instruments

selected therefore were bonéistent with the oﬁﬁectfyes of the program and

the design sﬁ%ipﬁ reflect the unde¥lying philosophy of the program. *

“ ~
B

In stating that the res%%ts could have been predicted a priori he places
a great deal of confidence in the'abailty of the onrogram developer or he
misses the objective of an evaluation program. The example used in
sunport of his statement is that one would logically éxpect teachers to
‘ galn geological knowledye from a four-week exposure to full-time instruc—
@ition. If the progfam is a good one and the teachers are motivated properly,
.3' this should indeed by true. § The purposg of -an evaluation is to see if in
' fact it hapﬂ[ned. In poxnt‘&f fact it did not happen with two teachers;

. dne demonstrated a negsive gain and one a very slight positive gain in

knﬁwledge'rglgted to the-ob%pctives of the ESCP.
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His comments that the analyses do not separate curriculum and teacher
effects (we assume he means teacher training effects) are valid., This
could not be done because ‘the nopulation was tdd small to run the neces-
sary analysis and the resources available (as is often the case in
evaluation studies) nere not sufficient to set up the necessary. compar-
ison groups. This from our point~of view is the maidr deficiency‘in the
study. Were this study to be doné again, in the light of the increasing
maturity of the field of educational evalﬁation (this study was started
almost 10 years ago), a much dr%ater effort would be made to identify a
larger number of tedchers so that a comparlsdn groun (or groups) would
be available and to distinguish between those using ES and traditional
approaches dur1ng the three-year term of the study. Concurrent with this,

an attempt would have to be made to obtain the necessary'funding.

We concur in the disappdintment expressed by ith in the results of the
- . [ ~

assessment of student achievement during thgFfirst vear of the study.

It reinforces the need for such evaluation studies and contradicts his °
statement that results could have been predicted a prioti If we were ,
to attempt a priori predictions we would concldde that with such better~
prepared teachers the students would show signlficant ga1ns in science
concepts (stressed by the ESCP) as ‘well as in facts. This 622 clearly
net the case. Following the second year, however, students did show
significant gains in both undérstanding of concepts and of processes of
science. It may be that prolonged contact betWeen program staff and «
teachers is necessary before the program has its effect upon curriculum.
It is disappointing that Smith apparently did not read far enough in the
article to come across the reportfef these second year gains. It is
these gains that the conclusions of the study are based upon. Not the

first year gains, or lack thereof. N

5

s

Smith contests the use of teachers as N rather than students. Since
teachers, their training and consequent influengg on the classroom are
the focus of the studvy (teachers were enrolled in the inservice program,

not students) it is indeed the\teacher'that is the appropriate N. If

students had been used, as is common and inappropriately done in many

studies in science education, all student gains (even the first year
conéépt attainment) would ‘have been insignificant, merely because of the

much higher N. In this studv, because of the nature of the program, the

o6 FC ' .

v
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appropriateness of the teacher as N is obvious. e wdild Smeiﬁ however,
that because of the uniqueness of ‘a class environment,’all studies that
involve learning in a clasg situation should Bse the class (and gerhans
even the teacher in some cases) as N. Even students in different classes
of the same teacher are exposed to totally different learning environments.
Research and evaluation designs must begin to recognize these differences Y,
and account for them. '

. "~ .

In summary, we are disappointed that the analysis of the :fydy seems SO

4

superficial. He seems to view it from the arm chair rese fcher's point
of view rather than that of the practicing evaluator. This study is only
one of two published studies that we know of that has attempted a longi-
tudinal evaluation of a science inservice program and the only one extend-
ing beyond the termination of the program. The review seems to have
entirely missed this point. It is hoped that published studies, even if
imperfect like the one discussed here, will spur others to conduct similar
but improved'studies and report on their reéults. Only whe; the resu}ts

. of many such studies are available will we be able to document'éhs‘effi—
cacy of different approaches to inservice educatlon. To us that is the

importance of this study and we are distressed that it was fot 1dent1f1ed

3 -

as such by the reviewer. &
. - .
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